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Structur&l  State  and  !loat  Htisistanee  cf  AII078 

by 

Dr.  Tech.  Sc.*  Prof.  I.  L.  Mirkin  and  Cand.  Tech.  Sc.  V. 

2.  Tsoytlin 


i'lastlc  deformation  during  creep^  as  well  as  destruction,  appear  to  be  pro¬ 
cesses,  deTelopl  -g  gra4Mally  in  the  metal,  Tho  rata  of  these  processes  depends  upon  the 
temperature  a.ad  applied  stress  and  is  determined  by  the  chemical  nature  (composi¬ 
tion)  and  structure  of  the  substance. 

In  raportlj.']  have  been  established  the  lav.s  govarning  the  processes 

of  creep  and  dertruction  and  s’-igular  (Ln  type)  kinetic  equations  have  been  derived 


r,  *  KT 

'dihftp  —  •*  »  » 

Vt-f 
Vt-e  ", 


where  V-  time  prior  to  destruction  of  sample}  -  p>eriod  of  atcni  oscillations  in  the 

to 

lactice;  Uq  -  energy  of  atun  buude  iu  the  lattice  (ox  heat  of  Suullucatlun) } 

QT  stress  in  kg/nn?;  T  -  absolute  temperat\ire  ;  -  stress  effectiveness  factor. 

In  both  equations,  vnlid,  however,  only  for  cempara lively  greater  rates  of  creep, 
Ug  and  gamma  appear  to  be  the  constants  of  the  suhstanee.  This  indicates  a  greater 
closeness  of  <Teep  and  destruction  processes  and  gives  one  more  basis  to  affirm,  that 
destruction  is  a  piroeess,  Ihe  magnitude  Dq  is  due  to  chemical  nature  of  the  metal, 
and  gaoxna  is  closely  connected  with  its  structure, 

S,N.ZhurkoT  and  T.F.Sanfirov  showed,  that  for  aluminum  at  creep  testa  Ug  does 
not  depend  upon  the  conditions  of  annealing,  but  gamma  does. 

At  temperatures,  approaching  the  melting  points,  when  diffusion  processes  ara 
prevalent  and  a  qaasivisecos  flow  of  the  metal  takes  plasa^  nc  doubt  the  dacisiva 
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valu9  for  reaistance  to  defori-wtioa  and  destruction  is  pocaessod  by  the  chemical  nature  of 
the  alloy  and  is  signified  by  its  strenf^th  of  interatomic  bonds  of  the 

basic  solid  solution. 

However  in  a  temperature  zenej  relatively  sharply  removed  from  the  melting  point 
there  are  border  line  temperatures  for  given  service  conditions  ('^  Q )»the  overcome 
ing  of  which  requires  a  substantial  change  in  chemical  nature  of  the  alloys  or  con¬ 
version  into  another  type  of  crystalline  lattice, 

« 

And  so,  in  iron-base  alloys  with  volume-centecod  lattice  it  is  hardly  possible 
to  obtain  a  technically  valuable  long  lasting  (  1-10  years)  resistance  to  plastic 
deformation  at  temperatures,  exceeding  ‘)00°K.  (or  630°C),  even  in  the  case  if  the 
solid  solution  Fo^CC)  will  be  highly  alloyed  by  elements^  improving  the  strength  of 
intaratcmic  bonds.  The  practice  of  obtaining  alloys  confirms  this  conclusion. 

To  overcaoe  this  temperature  boundary  it  is  necessary  to|:hange  from  volume- 
centered  lattice  of  a-iron  to  a  more  dense  face-centered  lattice  of  gamma-iron. 

This  is  due  first  of  ell  to  the  fact  that  at  equal  auto-diffusion  temperature  in 
a  less  densely  packed  Fe^  lattice  the  process  is  approximately  twice  more  Intensive 
than  in  the  Fogamma  lattice. 

But  above  1000  -  1030^  (or  V30®C)  the  cnemicai  nature  of  iruu-carbuu  alloya, 

apparently,  cannot  assure  the  necessary  lomg  lasting  resistance  to  plastic  deformation  , 

and  that  is  why  iron-base  allpys  at  aiqr  given  alloying  are  still  inferior  to  noniron 

alloys  on  the  basis  of  cobalt,  nickel,  chromium,  molubdenum  etc, 

and  /  , 

At  temperatures,  removed  from  the  melting  point/  not  reaching  "boundary*  tem¬ 
peratures  the  basic  structural  state  of  the  alloy  is  of  particular  great  inpertanoe. 

For  components  of  electric  power  installations,  working  for  a  long  time  at  medium 
temperatures  (tens  and  hundreds  of  thousands  of  hours,  i,e»  years  and  docade8),to- 
gether  with  the  initial  structural  state  of  greater  impcrtance  is  the  kinetic  factor 
determining  the  ability  of  the  alloy  to  retain  for  a  long  time  the  initial  structural 
state,  assuring  high  heat  resistance  ("structural  stability"  of  the  alloy  )• 
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Allosra  with  aluggls:i  dlffuaioti  processea,  coagulation  proeeoses  and  Toluisetrio 
reaetlona  botvean  the  phase  components  (which  causes  a  small  rate  of 

structural  and  phase  connrarrions)  retain  heat  resirtance  for  a  cuch  longer  period 
of  timsi  creep  and  relaxation  take  place  at  lower  rate* 

The  initial,  structural  state  of  the  metal  is  determined  by  the  composition  and 
state  of  mother  (starting)  Solid  solution  and  separation  phases  and  also  by  the 
mutual  disposition  and  interaction  of  these  phases* 

Heat  resistance  of  basic  s.^lid  solution  appears  to  be  a  function  of  its  chemical 
ccciposition*  i.e*  concentration  of  various  alloying  elements  in  it* 

The  elements*  Introduced  into  the  solid  3->lution,  affect  it  in  various  wayst 
soma  do  not  promote  c  rise  in  heet  resistanca,  and  others  oven  reduce  same.  For  example* 
introduction  of  20JJ  Fe  does  not  raise  the  heat  resistance  of  solid  nickel  alloys* 

Heat  resistance  of  the  solution  can  be  increased  only  upon  its  alloying  with 
elements,  raising  the  bond  forces*  inhibiting  diffusion  and  especially  auto-diffusion 
processes  and  raising  the  recrystallixatlon  temperature  and  resistance  to  shear  etc* 

It  was  established*  that  of  many  elements  only  tungsten  slows  down  sharply  auto-diff\i. 
Sion  of  nickel* 

The  presence  of  several  elements  (e*g*>io*  W*  Cr*  Co  and  others)  is  more  effect¬ 
ive  than  the  introduction  of  an  equal  in  atomic  concentration  amount  of  one  element. 

The  diffusion  mobility  changes  ncn-proportional  to  the  concentration*  and  different 
components  give  a  nonuniforra  effect* 

For  example,  it  was  established^  that  if  nickelchrcme  alloys  (with  15%  Cr)  are  in- 
trodueed  to  10^  Co*  U,  Ko  and  to  2%  Mb  the  beat  resistance  of  the  alloys  will  increase. 

The  resistance  to  creep  was  increased  and*  which  is  of  special  importance*  the 
relaxation  stability*  It  was  confirmed*  that  sirultaneous  introduction  into  the  alloy 
of  S'-veral  allaying  olema&ts  has  exerted  a  more  favorable  effect  on  the  heat  rc-sis- 
tt'nca.  And  so,  during  aclditiozial  introduction  of  2%  :ib  in  an  alloy  contoinirg  5^  of 
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Ho  and  of  Vf,  has  considerably  increased  the  lonj;  lasting  strength  and  resistanco 


to  relaxation  at 

3ut  solid  solutions,  even  pcly-cccponent  ones,  alloyed  with  the  rwntioned  elements 
in  amounts,  close  to  the  limit  of  tholx  solubility,  icssess  relatively  low  heat  ro- 


Tha  presence  of  excessive  phases  in  the  skeletal  or  finely  dispersed  form  or 


separation  cf  these  phases  during  e;>rly  stages  of  4cing  (after  technological  annealing) 


appears  to  be  an  ordinary  condition  for  the  creation  cf  high  resistance  to  creep 


and  relu^xationi 


1,  Alloying  of  nickelchrcire  alloys  with  nolybdenum, tungsten  and  niobium  in 
otnoonts  •^ar  fron  the  lirdt  of  Ou.lubllity,  doof  not  give  a  technically  suitcble  heat 
resistance.  An  increase  in  the  niobium  content  to  the  amount, exceeding  its  solubility 
limit  in  ruch  alleys  Oiv*  ’lb),  led  to  the  fornatioa  of  niobium-containing  excess  pbasrt 
and  sharply  raised  the  heat  resistonco  (fig,l).  At  equal  conditions  the  remaining 
stressC'-^  )  after  rela:aiticn  testing  in  a  heterogeneous  ollcy  ua.?  by  100;?  higher,  than 
in  single  phase, 

2,  I'lckelchroco  allcj'^  in  uhich  A1 

...  a  rn«  4*  -.'U  4  ( 

A  XiLl  XX  CIX  0  XX^C  X  ^  ««  •/V*'-  w » 

separation  piheses.  The  overmature  ted  scliA 

0  i  U  Nl>% 

•olutica  (after  hardening)  in  the  pro- 

ce.es  of  testing  to  the  bot^ir-ning  of  sopar,  Fig.l.Chaiige  in  value  of  remaining  stress 

after  l/,00  hrs  of  te-cting  for  rtlaxatico 

dtion  of  reinforcing  phases  possesses  at  730®  luring  an  increase  in  niobium  con¬ 
tent,  15  ’<cc/nd2,  Ih  •  nd  W,  yi  Fe. 

c'.'iisiJerably  lo'.ver  heat  resistance  than 

after  their  separation.  At  the  beginning  the  -r:  te  of  deformation  of  the  hardened  al¬ 
ley  is  approivLiiately  3  tinss  greater  than  of  the  annaaled  one.  Put,  later  on,  in  • 
ratio  to  the  separation  of  reinforcing  phases,  tho  resistance  of  the  hardened  alloy 
•-ise  mharply  (fig,2)  and  tha  rates  of  dcforr.otica  become  aqvnl  vlthln  a  period  of 
10000  lirs, 

FTD-TT-te -175 6/1+2  4 


P 


InTci^tications,  r^de  in  ovJ  labs  with  a 

larcer  grouj.  of  nickelchroce  alleys  "ini  aus  • 

tenitic  nteel,  centaining  13.  vith 

various  Q'Jditicnal  -lloylngj  confiraed, 

tliat  the  exan^.les  civen  are  valid  end  that 

my.iiuia  hoet  resii.tanco  can  bo  attained  only 

in  plastic  defer ..aticn  (b)  of  da-Cr  ^!lcy  in  heteroseneou.';  alleys  arkl  steel  or  in 
with  2%  A1  and  2%  Ti  t  CiO*^  kg/cir? 

l-hi  rda.iingj  2-bard'*n5ng  and  acmcaling,  i  upir.*-nturat5d  relid  sulutiena,  frciii  which 
at  high  teieperatures  arc  sefacsted  excessive  phases.  In  fic»3  is  shown  a  rise  in  tide 
to  the  point  of  dartruction  during  change  over  ficn  selid  s  lutien  ?oClJi*Cr)  to  c 
heieicgenccus  alley  follo'..ed  a  rise  in  the  aao'or.t  of  o.icessive  phase* 

Per  heterocenaous  allcgnt  C  or  for  the  heterogenceus  state  of  .cuxorciturated  al¬ 
leys)  of  'Teat  L-npcrtcace  is  also  the  etructuTil  state  of  the  mother  solid  s.lution, 
produced  by  thermal  treatnent  plastic  deforra-^tion. 

To  slow  do-..n  phase  ccnsez=ions  it  is  important  to  reduce  the  rate  of  diffusion 
in  the  alloy.  This  is  particnJiarly  important  for  alloys, working  under  conditionsjof 
creep  and  relaxation,  oecause  it  vas  experiioentally  shown  hy  I-^Koen  as  well  as  by 
1  Ya.Degtyar  and  V.S.l-iikhaleniE^*  that  plastic  deformation  speeds  up  diffusion  propor¬ 
tionally  to  the  rate  of  defcoewtion* 

The  chemical  and  structsanl.  heterogen¬ 
eity  of  the  solid  solukhen  zsay  con-* 

siderahly  decrease  the  resiatinco  to  plas. 
tic  deformation.  It  is  known^ttet  the  pre¬ 
sence  in  initial  state  in  the  structure 

Fig,3*Change  in  time  to  destruction  of 

of  chronnickel  austenitic  stcsl.  (18  Cr-  alloy  with  l(>%  Ct  and  32%  K1  (at  variable  con 

tent  of  I-b  and  V)  depending  upon  the  in- 

8  Ni)  of  ferrite  reduces  heat  resistance,  crease  in  weight  of  electrolytlcally  seperaiet 

deposition.  Phases  of  separation  of  Me23G 

The  use  of  such  steel  in  the  sslo  of  heat  and  C,  700®,  12  Icg/iai^,  ^ 

1-tice  to  destruction;  2*wei^t  of  deposi¬ 
tion  to  dissolved  metal. 


0 

•I/—'  • 


FiC,2«h0L!.xation  curves  (aii  amid  change 
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resistant  is  stimulated  by  technological  recmuireuc-nts  (weldability).  It  was  also 
established  that  in  steel  with  uniform  basic  structure  (14  Cr-14  ^^1)  is  possible  the 
appearance  of  a  farranagnetic  alpha-phase  result  of  concentrational  chan^eb 

during  carbide  formation.  Such  separation  of  alpha-phase  has  a  nogntiTe  effect 
on  the  long  lasting  and  cyclic  strength,  as  wellj^'J  as  on  the  relaxation  stability 
(fig.A)* 

At  other  conditions  being  equal,  with  the  Increase  in  ffrain  dimension  in  the 
initial  structure  the  long  Lasting  heat  resistance  of  the  alley  at  sufficiently  hi^ 
temperatures  and  lew  stresses,  increases.  Ihis  is  due  to  two  causes. 

1*  Iti^pothesis  about  the  plasticity  diffusion  mechanism,  realizable  through  the 


boundaries  of  grains,  was  confirmed  by 


(59ft 


and  others.  I^tallogrnphicalynetermined 


was  the  fraction  of  deformation  on  account  of  the  boundaries  as  compared  with  tha 
deformation  along  the  tJrain  during  creep  of  alvs.inum^  .  At  low  temperatures  (less 
than  200^)  deformation  goes  almost  exclusively  by  the  sprain  end  the  fraction  of  dis¬ 
placement  over  the  boundaries  constitutes  less  than  10%.  But  when  testing  at  above 
250°  deformation  over  the  boundaries  constitutes  more  than  85%  of  total  deformatioa. 

Consequently,  it  is  only  natural,  that  with  the  decrease  In  summary  extension  of  the 
boundaries  the  possibility  of  growth  of  plastic  deformation  by  the  disi lacement  of 
atot&s  in  the  boundary  zone  decreases. 

2.  If  the  initial  structure  consists  of  fine  grains,  then  at  sufficiently  hi^ 
temperatures  the  grains  becomes  strenghtened  and  creep  is  eased. 

A  :juch  higher  heat  resistance  of  large  grain  and  alloyap 3.1  -fill especially 

at  high  temperawes.  was  confirmed  experimentally. 

That  is  why  only  one  example  is  given^S^ 

-  effect  of  grain  dimension  on  the  resia.  JfKoAuiecmet  ^epponaznumnwi qmm 

Fig.4*^nange  on  reiaxavion  sxaoility 

tance  to  relaxation  of  carbon  steel,  (fig.  austenitic  type  U  Cr-U  N1  steel  (aag. 

nitide  cf  remanent  stress  after  ItOOO  tars 
of  testing  at  650°)  in  relation  to  tha 

*  Hot  only  the  simrary  extent  of  bound- phase,  1-anount  of  ferro- 

ma^oetie  phase, 

jrles.  but  also  their  nature  and  state  have 


FTD-TTV62-1756/1^ 


6 


an  effect  on  the  resistance  to  plastic  deformtlon  in  the  process  of  testing  and 
on  the  service  of  the  alloy  at  high  tenperetures.  It  can  be  stated  j6J  that  the  lower 
the  disruptions  in  the  correctness  of  intergrain  lattice,  the  stronger  are  the  inter- 
atouic  bonds  of  that  lattice,  the  higher  is  the  resistance  of  plastic  deforcation 
boundaries,  heat  resistance  and  especially  the  plasticity  of  the  alloy.  The  develop¬ 
ment  of  new  methods  of  obtaining  metals  and  alloys  of  special  purity  by  distilla¬ 
tion,  zonal  smelting  allows  to  investigate  the  effect  of  even  small  admixtures  on 
the  state  of  f^ain  boundaries  and  on  their  resistance  to  plastic  deformation* 

The  level  of  heat  resistance  applicable 
for  technology  can  be  attained  In  alloys  with 
heterogeneous  structure^  i,e»in  the  presence  i 
the  structxire  of  reinforcing  excessive  phases, 

{Pajuep  itput 

of  dimension  on  re-  By  the  diffusion  equation  was  calculated 

manent  stress  after  3OOO  iics  of  testing 

for  relaxation*  l-grain  dimension*  that  in  the  lattice  of  nonalloyed  ferrite 

at  roan  temperature  is  perfected  an  insignificantly  smell  number  of  jump  overs  of 
carbon  atcxos  (2  per  sec)*  At  200^  it  becomes  noticeable  (3xlo3  per  see),  at  - 

considerable  (  3  ^  10®),  and  at  600*-  mass  scale  C  1  x  10^®)* 

At  roan  temperature  the  ferrite-perlite  structure  of  the  steel  has  practically 
unlimited  stability  in  timet  already  at  400^  it  may  coeguldte  at  noticeable  rate 
and  consequently  to  use  steel  at  above  that  temperature  it  is  obligatory  to  alloy  the 
ferrite  to  slow  dow  carbon  diffusion*  For  operation  of  the  steel  at  500-600^  it  not 
only  requires  complex  alloying  of  the  ferrite,  but  al  1  the  creation  of  special  car. 
bides  for  sharp  stabilization  of  the  struc.ure*  Finally,  above  620-650^  it  is  necea. 
sary  to  change  the  type  of  alloy  lattice*  l,e*  to  change  to  austenitio  steel* 

Of  decisive  importance  is  also  the  chemical  nature  of  the  separation  phases* 
determining  the  strength  of  binds  of  their  crystalline  lattice.  For  such  phases  there 
are  also  boundary  temperatures*  the  surmounting  of  which  is  required  to  assure  hi{^ 
heat  resistance  a.  change  in  chemical  nature  and  type  of  crystalline  lattice  of 
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separation  phases. 

In  materials,  designated  for  operation  at  550"570***  the  basic  reinforcing  phase 
appears  to  be  alloyisg  cementite.  Of  occond  grade  importance  are  special  carbides 
(VC  and  generally  1-ieC).  '-’hen  wcr'tcing  at  above  these  temperatures  iron-base  carbides 
do  not  assure  high  best  resistance  of  the  steel.  Frcm  570  -  58O*  approximately  to 
700®  the  basic  one  ajj^ars  to  be  chromium  carbide.  In  a  relatively  narrow  tenperature 
zona  from  58O  to  600  -  610®  the  basic  separation  phase  appears  to  be  trigonal  chro¬ 
mium  carbide  I-Ie^C^,  at  60O-650®  -  cubical  l-ie-^C^  carbide. 

Above  700-750*  carbide  reinforcing  phases  beccme  inferior  to  intermetallida 
compounds,  having  different  relationships  with  the  mother  solid  solution,  which  even 
at  this  temperature  etna  must  be  selected  princi.pelly  different  (of  noniron  base). 

For  example,  at  7-0-900®  in  nickel  chr  cm  urn  base  alloys  tlie  main  reinforcing  a- 
gent  appears  to  be  the  I.'i2(Al,Ti)  type  phase. 

In  the  mentioned  temperature  zones  the  change  over  from  nuch  lower  temperatures 
to  much  higher  ones  rt;uires  complication  of  p^se  separation  composition.  And  sOf 
in  the  first  zona  at  temperatures  of  less  than  30O-35O*  the  reinforcing  phase  can 
be  unalloyed  cementite  (cementite  phase  of  variable  composition  may  substantially 
ciiange  the  content  of  carbon,  it  has  a  broad  zone  of  homogeneity).  At  imicb  higher 
temperatures  the  diffusion  mobility  of  iron  atess  2nd  carbon  atans  becomes  already 
so  much  greater,  that  1  1}  It  considerably  accelerates  the  processes  of  carbide  coa¬ 
gulation  and  transltimi  from  plastic  form  to  *point*  form  (granular),  and  then  also 
to  globular  and  2)  with  the  Increase  in  servuceability  it  causes  dissociation  of 
the  cementite  with  the  formation  of  structurally  frea  graphite,  as  result  of  which 
thera  is  a  sharp  drop  in  tbs  heat  resistance  cf  the  steal. 

An  increase  in  vorking  tenperature  to  430-453*  requires  the  introduction  of  Cr 
or  I’iO,  which  not  only  ore  include  in  the  solid  solution,strcBgtnening  it  nnd  raising 
its  h02t  resistance  ,  but  are  also  capable  of  replacing  a  part  of  the  iron  atoms  in 
the  cementite. 
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They  increase  the  stren^ith  of  Interatonic  bonds  and  hamper  diffusion  procejsos* 
leading  to  accelerated  coagulation  of  carbide,  and  conetlmos  even  to  decoaposltion 
of  same  with  the  formation  of  structurally  free  carbide,  iiimultaneous  introduction 
of  the  above  mentioned  elements  is  much  more  effective.  It  is  kncwn,for  example, 
that  the  presence  of  one  molybdenum  in  cementite  of  tubular  steel  type  1514  is  in 
no  position  to  prevent  the  appearance,  at  a  temperature  of  about  5OO®  at  lasting  heat¬ 
ing,  of  structurally  free  carbide,  which  in  particular  led  to  serious  emergency  of 
steam  pipe  line  at  the  electric  power  station  at  Spring-Dole  (USA), 

Ihe  presence  in  steel  of  one  molybdenum  indicates  that  in  the  process  of  long 
lasting  service  the  molybdenum  is  displaced  from  the  ferrite  into  carbides  and  the 
heat  resistance  of  the  steel  is  reduced.  It  was  established Jl3j  that  after  eXi-loitatlon 
for  a  period  of  I5-25  thousand  hours  at  5^0*  pipes  made  of  steel  IpM  from  one  fourth 
to  one  half  of  the  amount  of  molybdenum  contained  in  the  ferrite,  has  transformed 
into  separation  phase.  As  result  of  this  the  h&.^t  resistance  of  the  metal  of  such 
pipes  decrAees  sharply  (fig.t).  Therefore  a  further  increase  in  the  working  tempera¬ 
ture  requires  an  even  greater  complication  of  the  cementite  or  carbide  content  on 
account  of  introducing  int*p  it  atoms  of  vanadium  and  other  elements.  At  temperatures, 
elcEc  to  bcundarj'  tamperatuiea  for  steel  witn  volu:;.etrically-centered  cubical  lattice 
are  introduced  already  such  amounts  of  above  mentioned  elements,  that  in  addition  to 
the  Me^C  phase  are  also  formed  1-leC  type  carbides,  necessary  for  complicating  the  phase 
composition,  inhibition  of  volumetric  reactions  between  basic  phases  and  for  reten¬ 
tion  of  alloyabllity  of  solid  solution, 

A 

It  was  established,  that  for  perlite  class  steel  (  e.g,cbranium-uolybdeniuD-vana- 
dium,  chromium- molybdenum  )tbe  formation  of  a  ferrite-carbide  mixture  without  preli¬ 
minary  martensite  conversion  produces  much  higher  heat  reaistanee* 

This  is  explained  by  the  fact  that  during  point  and  granular  structure  of  per¬ 
lite,  which  may  originate  in  steel  as  result  of  decomposition  of  martensite,  there 
is  a  greater  number  of  nidi  of  simultaneous  origination  and  development  of  plastle 


FTD-TT-62-1756/IV2 


9 


deformation  at  lower  resistance  as  cor.pured  with  the  lamellar  structure. 

ilighest  heat  resistance  at  “  ^70®  is  possessed  by  perlite  steel  with  carbide 
fer-ite  mixture,  formed  after  the  a.moiling  of  products  of  bainite  react  ion  j^l5'{,  -(l7l 
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'0  zm  mo  ^  6000  ^ 

7i6»7«'^el®3cation  curves  of  «:jKHI-yA 

steel  at  Icg/sm?  , 

l-normalization  at  920*  ♦  annealing  65O*, 

2  hours;  2-hardening  920*  annealing 
650*,  2  hours. 

It  was  established  that  CrikaV-steel. anneal 

ed  after  normalization,  possesses  consider. 

ably  greater  heat  resistance  than  the  verij  Fig, 6, Curves  "logarithm  of  tiioe  up  to 

destruction  -  logarithms  of  destructive 
same  steely  annealed  under  analogous  stress  ■  of  tubular  steal  13M. 

a-in  initial  state  (I500  hrs);  b-after  long 
conditions  after  hardening  ri7'L  This  operation  (25OOO  hrs),  1-time  till  destruc¬ 
tion. 

is  evident  if  only  by  comparing  the  stress 

reduction  curves  in  the  process  of  relaxation  of  i... proved  steel  and  of  steely  subJeeteJ- 
to  normalization  with  atinealing  (fig,7).  "^his  is  explained  by  a  more  favorable 
distribution  of  alloying  elements  between  the  solid  solution  and  carbide  phase.  In 
chromsmolybdenum  steel  25KHi>iFA  after  normalization  with  annealing |l8^  the  summary 
weight  of  the  deposition  after  electrolytic  solution  (5»55SJ  of  the  weight  of 

metsl)  is  greater,  than  after  hardening  with  very  same  annealing  But 

this  takes  place  on  account  of  the  iron  at  a  uniform  content  in  the  carbide  phase 
of  Cr,  ^io,  7  (S  0.7^). 

In  this  way,  the  concentration  of  these  elements  in  solid  solution  after  normali¬ 
zing  with  annealing  is  higher,  than  after  improving,  i.e. 

^i-k)  ♦  Cr  ♦  V  A  solid  solution 

'  r  \ 

I  ido+Cr+V  \ 

( 


after  normalizing  ^ 


solid  solution 
after  improving. 
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At  moderate  temperaturea  the  advantages  of  lamellar  and  f inely-lamcllar  form  of 
perlite  are  beyond  any  doubt.  At  boundary  temperatures  there  can  be  instanceSfWbere 
the  initial  advantage  of  lamellar  structure  becomes  exhausted  with  the  expiration 

> 

of  time  as  result  of  higher  rate  of  crushing  the  plates  and  coagulation. 

In  the  case  of  I5M  steel  at  5^0*  for  a  period  of  I3OOO  hrs  at  initial  lumsllar 
structure  the  limit  of  long  lasting  strength  dropped  from  25  to  11  kg/mn?,  and  at 
an  initial  granularity  -  from  I5  to  I3  kg/mi? 

Just  as  for  alloys,  having  polymorphous  conversions,  with  a  rise  in  temperature 
it  is  necessary  to  complicate  not  only  the  composition  of  the  mother  solid  solution* 
but  also  the  reinforcing  phases  of  alloys,  having  no  polymorphous  conversions.  At  a  working 
temperature  of  up  to  600®  the  basic  reinforcing  phase  in  such  steel  may  serve  the 
unalloyed  cubical  chromium  carbide  Crp^C^*  3ut  a  further  rise  in  temperature  to  65O® 
and  over  requires  addition-al  alloying  with  elements, increasing  the  bind  forces  not 
only  of  the  die,  but  also  the  carbide  phase^  which  transforms  already  into  solid  30» 
lution  several  metals  on  cuvxcal  chromium  carbide  K^^^Cg-base.  Complication  of  the 
carbide  phase  composition  with  molybdenum  and  tungsten  raises  its  thermal  stability 
and  promotes  a  general  rise  in  the  beat  resistance  of  the  alley.  This  pertains  also 
to  intermetallide  phase.  i'<o  doubt,  'chat  even  a  small  solutiuu  of  ebrumium,  muly udefivm, 
tungsten  in  the  intermetallide  phase  of  the  III3AX  type,  it  promotes  a  rise  In 
its  thermal  stability,  since  it  hampers  the  occurrence  of  the  di  ffusion  processes* 
leading  to  the  formation  and  growth  of  formations,  which  is  indicated  by  the  analysis 
with  the  aid  of  the  fluctuations  theory* 

The  original  structural  stats  does  in  many  respects  promote  the  beat  resistance 
of  alloys.  But  at  long  lasting  operation  of  the  metal  at  high  temperatures  of  impor¬ 
tance  is  the  stability  of  the  structural  state  for  a  period  of  tens  of  thousands  of 
hours.  Intensive  occurrence  of  the  physicochemical  processes  (diffusion,  Interchaiuje)^ 
leading  to  quantitative  and  qualitative  changes  in  phases  and  coagulation  of 
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crystallites  of  separation  phases,  causes  an  occeleratioa  in  plastic  deformation.  For 
example,  in  12KH12V/(i'iF  steel  in  the  process  of  ^rain  vithout  stress  at  600*  after 


3000  hours  in  addition  to  there  is  also  the  iaves  phase  (My)2 


which  after  hours  of  aging  becomes  predominant 

Long  lasting  tests  at  6D0“  of  an  alloy 
containing  20^  Ni,  20X  Co[^20J  is  charac-* 
terlzed  by  a  discontinuity  in  plastic  de¬ 


formation  growth  curves  in  the  process  of 

■Tig,8,Ch-inge  in  plastic  deformation  in 

relaxation  (30OO-60OO  hrs),  after  which  relation  to  the  testing  time  for  relaxation 

at  660®,  25  kg/mn?. 


the  rate  of  growth  of  plastic  deformation  at 


further  tests  decreases  (fig,8).  An  analogous  discontinuation  has  been  deteot( 


<^on  curVtiS 


indicating  changes  in  hardness,  impact  strength,  magnetic  penaeability,  A  study 
of  the  kinetics  of  change  in  phase  ccmposition  showed,  that  after  ^000  hrs  the  rate  of 
^io2JC^  carbide  3ei)aration  frcxn  solid  solution  is  considerably  lower  (fig,9)«  This, 
most  likely  explains  the  presence  of  a  discontinuity  on  the  property  change  curves 
of  the  alley.  At  more  intensive  processes,  leading  to  phase  changes,  the  .roperties 
of  the  alloy,  and  especially,  its  resistance  to  deformation  change  intensively.  After 

this,  the  phy3-cnem,processes  become  more 
sluggish,  further  intenslftoation  in  deforuatio 
and  in  the  change  of  other  properties  is 
slowed  dov;n  sharply, 

Fig.9. Change  in  summary  content  of  al¬ 
loying  elements  in  carbide  phase  of  the  Of  greater  importance  for  long  working 
alloy  in  the  process  of  isothermal  expo* 

sure  at  660®,  beat  reasistant  alloys  is  the  kinetics  of 

phase  conversion  processes  and,  especially,  the  kinetics  of  separation  and  regenera'V 
tion  of  excessive  phases. 

To  slew  down  phase  cenversiona  it  Is  important  to  reduce  the  rate  of  diffusion, 
particularly  in  alloys,  working  under  conditions  of  creep  and  relaxation,  Hewever 
together  with  the  outstanding  role  of  the  rate  of  diffusion  processes,  very  iinportant 
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In  niany  Instances  even  decisive,  is  the  factor  of  probability  of  coneentrational 
fluctuations.  The  fluctuation  theory  explains  the  repeated  inhibition  of  the  phase 
separation  process  during  the  coaplication  of  the  ccscposition  of  the  alloy  and  In 
crease  in  the  differences  between  the  composition  of  the  separating  and  mother  phases 
.  For  example,  separation  of  chromium  cementite  Instead  of  ordinary  unalloyed  ona 
reduces  the  number  of  carbide  nuclei  by  magsltudes  (fig.lO,  I  and  2)  and  the  trans¬ 
ition  into  trigonal  carbide  reduces  the  number  of  nuclei  by  several  aagnitudes 
(fig.10,3). 

Reparation  of  metastable  and  intermediate  phases  (particularly  coherently  bound 
with  mother  solid  solution)  and  their  subsequent  regeneration  with  the  expiration  of 
time  are  also  to  a  large  extent  predetermined  by  the  probability  of  formation  of 
fluctuations  of  critical  dimension.  And  so 
for  example  , separation  of  cementite  type 
carbide  in  the  role  of  intermediate  phase 
is  preceded  by  the  separation  of  trigonal 
carbide  largely  because  the  probability  of 
formation  of  the  first  one  is  greater  by 
many  magnitudes  (see  arrows  in  fig.lO). 

Fig. 10. Comparing  number  and  dimensions 

Under  definite  conditions  (fig.ll)  of  fluctuation  nuclei  of  carbides  of  various 

type  in  chraoDe  steelt 

for  the  formation  of  new  phase  nuclei  are  1-h’f  (FeQC){  2-  steel  with  2%  Cr,  lit  (Fe,Cr)o  C 

in  carbine  155!  Crj  3-  steel  with  2X  Or,  i:f 

i'lportant  not  only  ccmponents,enriching  (Cr,Fe)jCo  in  carbide  UOX  Crp  nteel  with 

7X  Cr,  NT  (Cr,Fe}YCo.  a-number  of  flueto^ 
the  new  phase  (T1  in  nickel  alloys)  but  ations;  b-  dimension'’of  section  n  of  units, 

also  the  components  expelled  from  the  volume  of  the  nucleus  (dr). 

An  analysis  made  enabled  to  reveal  a  case,  where  during  additional  alloying  of 

the  alloy  the  rate  of  separation  of  new  phase  is  slowed  down  on  account  of  reihiclng 

the  probability  of  necessary  coneentrational  fluctuation  by  many  magnitudes.  And  so 

for  14  Cr  -  14  V  V  type  steel  tested  within  a  period  of  9<500  hrs  at  590*  it  is 

possible  to  prove  the  followlngi 
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veigbt  of  carbide  do;  osltion, forued  by  the  oethod  of  anodic  solution  in  %  to 


weight  of  dissolved  metal... 


1.3 


Average  dincioter  cf  carbide  particles  (by  Lieasuring  under  aa 
electronic  siicrcsccpo)  in  cm... 

nunber  of  cei bides  per  1  cm^.., 

average  rata  of  uucleation  of  ‘•023*'6  carbides  per  sec... 
ditto, calculated  by  fluctuation  theory... 


1.10 

3.10 


r5 

13 


1.10 

2.10^ 


rate  of  growth  of  carbides  in  cro/nec,,. 


5.10-13 


In  this  way,  to  fv.ria  each  atomic  layer  several  hours  of  exposure  are  necessary. 


In  simple  ca/bon  steel 


the  rate  of  perlite  grain  growth  is  greater  by  10^  times 


than  the  rate  of  fcrowth  of  carbides  in  above  mentioned  alloyed  steel. 

g  19"  e 


The  above  stated  shows,  that  of  much 
greater  importance  for  heat  resistant 
long  sarvive  alloys  is  the  structure  and 
ei^peclally  the  kinetics  of  lasting  changes 
in  structural  state. 


Fig.llTbe  probability,  number  and  dimea- 
sicns  of  fluctuation  nuclei  of  alpha'-phase 
in  niijonic  type  alloyj  l-probability  of 
fluctuation;  2-diiDen3icn  of  section  (munbsv 
of  uui  la)  ;  Of  nviolei  in  1  Cs3 
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